The suitability of various polymer-powder spraying technologies for coating of metal stampings used in polymer metal hybrid (PMH) load-bearing automotivecomponent applications is considered. The suitability of the spraying technologies is assessed with respect to a need for metal-stamping surface preparation/treatment, their ability to deposit the polymeric material without significant material degradation, the ability to selectively overcoat the metal-stamping, the resulting magnitude of the polymer-to-metal adhesion strength, durability of the polymer/metal bond with respect to prolonged exposure to high-temperature/high-humidity and mechanical/thermal fatigue service conditions, and compatibility with the automotive body-in-white (BIW) manufacturing process chain. The analysis revealed that while each of the spraying technologies has some limitations, the cold-gas dynamic-spray process appears to be the leading candidate technology for the indicated applications.
I. INTRODUCTION
Over
II. OVERVIEW OF POLYMER-POWDER SPRAY PROCESSES
In this section a brief overview is given of the major polymer-powder spraying 
II.1 Cold-gas Dynamic Spray
Process Description: The cold-gas dynamic spray process, often referred to as "cold components. Consequently, the aspects of the polymer-powder spraying technologies mentioned above will be discussed but will not be used to define the selection criteria for identifying the optimal polymer-powder spraying process.
In the case of cold-gas dynamic spray process, a large range of coating thicknesses can be attained. The lower limit of this range is around 5-10μm and corresponds to the deposition of a one-particle thick coating, while the upper limit can be several centimeters, since cold-gas dynamic process is used also as a free-form fabrication process in addition to being used as a coating process. Real-time monitoring of the progress of deposition is typically not done. Rather, for a given set of process parameters and, the powder-particle size distribution and the substrate surface conditions, the deposition yield is predetermined and, hence the deposition thickness can be readily determined from the nozzle travel speed and the deposition time. The most critical aspects of the cold gas dynamic spray process which affects the performance is clogging of the nozzle.
II.2 Electrostatic Powder Coating Spray Process
Process Description: Electrostatic-spray powder-coating process utilizes a powder-air mixture delivered to the spray gun from a fluidized-bed feed system. Within the gun, the powder is electro-statically charged and directed toward a grounded metal substrate being coated. A simple schematic of the electrostatic-spray powder-coating process is shown in Figure 3 . 
II.3 Fluidized-bed Powder Coating Process
Process Description: In the fluidized-bed powder coating process, the coating powder is held in a container which is at its bottom separated from an air chamber (commonly referred to as "plenum") by a perforated plate. Compressed air is introduced into the plenum and through the perforated plate, into the coating-particle bed. As the compressed air passes through the bed it lifts the particles causing them to get suspended and to form a "fluidized bed" of the particle/air mixture. When the substrate is brought into a contact with the fluidized bed, coating takes place. 
Variations of the Process

III. SELECTION OF THE POWDER COATING PROCESS
To select the most suitable powder coating process (among the ones discussed in the previous section), the standard decision matrix approach was used [ Table 3 . The results appearing in the last column of Table 3 and the justification presented in the last column of Table 2 were used to assign the weighting factor for each of the criteria, Column 2, Table 2 Table 4 . The results displayed in Table 4 suggest that the cold-gas dynamic-spray process is the most suitable alternative for the fabrication of a nylon overlay in the interior of a U-shape BIW load-bearing direct- Table 4 indicates that the main reasons for the cold-gas dynamic-spray process being identified as the best alternative are a relatively low cost and the ability of the process to deposit the thermoplastic material without causing any thermal degradation to it.
adhesion PMH component. A careful examination of the results displayed in
IV. COST ANALYSIS FOR THE OVERLAY FABRICATION
As discussed in the previous section, the cost is an important criterion in choosing the most suitable powder coating process for the direct adhesion PMH load-bearing BIW applications at hand. In the decision matrix, Table 4 , each of the alternative solutions was assigned a score in the criterion 7 using an estimated cost associated with the use of the coating process in question. While a detailed discussion of the procedure used in assessing the total manufacturing cost associated with the overlay fabrication process is beyond the scope of the present paper, a brief account of this procedure is presented in the remainder of this section.
In general, the total manufacturing cost, C m , is segregated into contributing components as follows: The results of the powder-coating cost analysis (per part coated) are presented in Table 5 . The data used during the calculation of the results presented in Table 5 To assess the robustness of the overall cost-analysis results (last row, Table 5 ), the input data were perturbed within reasonable limits and the cost analysis repeated.
This procedure changed the numbers in the last row of Table 5 , but not the ranking of the competing powder coating processes. To overcome the lack of data pertaining to cold-gas dynamic-spraying of nylon, a computational analysis of this process is being carried out in our ongoing work [12] . It is desirable, but not absolutely critical, to be able to leave drawing compound on the stamping to minimize the possibility for surface damage and not to have to introduce additional cleaning process step in the injection-molding shop.
V. COMPUTATIONAL ANALYSIS OF THE COLD-GAS DYNAMIC-SPRAY PROCESS
VII. SUMMARY AND CONCLUSIONS
2.
Minimal need for metalsubstrate pre-heating 3
Metal-substrate pre-heating is an additional process step in the injection molding shop and can degrade metallic-material properties.
3.
Minimal additional requirements for powder pre-treatment (e.g. screening, drying, etc.) 2 Any additional powder pre-treatment would introduce a new process step in the injection molding shop and unnecessarily increase the overlay fabrication cost.
4.
Ability to coat uniformly intrinsic geometrical features of the metal substrate
5
Uniform coating thickness is critical for ensuring a proper transfer of load between polymer and metal and for controlling the overall weight of the overlay.
5.
Minimal thermal/chemical degradation of the depositing and substrate materials
5
Thermal/chemical degradation of the depositing and substrate materials can seriously jeopardize materials properties and, hence, functionality of the PMH component.
6.
Minimal need for post coating treatment
3
If the post coating treatment does not seriously compromise the overall overlay-fabrication cycle time, it is a less critical requirement.
7.
Minimal overlay manufacturing cost
5
In addition to reducing the component weight, the PMH approach should not compromise (if not reduce) the overall manufacturing cost.
8.
Maximal ease of automation
5
Automation is a critical element of the effort to reduce the overall manufacturing cost. 
